The gas-phase structures of zinc and cadmium complexes of lysine (Lys) are investigated via a combination of infrared multiple photon dissociation action spectroscopy and ab initio quantum chemical calculations. In order to unambiguously identify the experimentally observed species, [Zn(LysÀH)] þ and CdCl þ (Lys), the action spectra were compared to linear absorption spectra calculated at the B3LYP level of theory, using 6-311þG(d,p) and def2-TVZP basis sets for the zinc and cadmium systems, respectively. Single point energies were also calculated at the B3LYP, B3P86, MP2, and B3LYP-GD3BJ (accounting for empirical dispersion) levels of theory using larger basis sets. Identification of the experimentally formed isomers is possible through good agreement between infrared multiple photon dissociation action spectra and the theoretically predicted spectra. The [Zn(LysÀH)] þ complex adopts a tridentate orientation involving the amino acid backbone amine and deprotonated carboxylic acid groups as well as the side-chain amine group, [N a ,CO À ,N e ]. The CdCl þ (Lys) complex similarly adopts a tridentate chelation involving the amino acid backbone amine and carbonyl groups, as well as the sidechain amine group, [N a ,CO,N e ]. In both cases, the identified complexes are the lowest energy gas-phase structures at all levels of theory.
Introduction
The experimental elucidation of metal-dependent effects on the structural and energetic properties of metalated amino acid and small peptide complexes is extensive. Additional studies of such systems employ infrared multiple photon dissociation (IRMPD) action spectroscopy, an invaluable technique allowing for the structural characterization of these biologically relevant systems. Included in these recent analyses are studies by Dunbar that artfully elucidate the factors that determine whether metal ions bind peptides preferentially at oxygen or nitrogen sites, 38 choose charge solvated, saltbridge, or iminol coordination, 37, 39, 40, 46 and deprotonate or not. 45 In a similar vein, our group has provided experimental and theoretical evaluations of zinc-amino acid systems, with an emphasis on elucidating the interesting binding characteristics exhibited within zinc finger domains. There, Zn 2þ binds preferentially to cysteine (Cys) and histidine (His) residues located within proteins (e.g. as observed in Cys 2 His 2 zinc finger domains), [50] [51] [52] [53] although it is not particularly obvious why these two amino acid residues are preferred. Additionally, the substitution of Zn 2þ centers with cadmium (Cd 2þ ) and other cations has been investigated previously; however, the metal dependence of these systems is not understood in depth. 54, 55 Thus, the present study thoroughly evaluates Zn 2þ and Cd 2þ binding to Lys, a continuation of our previous IRMPD action spectroscopy studies analyzing binding of Zn 2þ and Cd 2þ with His, 35 Cys and CysOMe, 42 Gln, 41 Ser, 44 Asn, 43 Glu, 47 Asp, 48 and Arg, 49 which provided important structural and energetic information regarding the metal dependence in these systems. Because Lys is characterized by the second highest proton affinity of the naturally occurring amino acids, 56 these residues are typically protonated and do not participate in binding with metal centers under physiological conditions. However, several metalated Lys systems have been evaluated in the gas phase, 7, 28 where these studies can probe how lysine might participate in certain processes in which physiological pH becomes altered. Structurally, Lys has been shown to adopt non-zwitterionic tridentate conformations via interactions with Li þ , Na þ , K þ , 28 Ag þ , 5 Co þ , and Co 2þ . 57 Specifically in the Co þ/2þ cases, the most stable structure resulted from the interaction of neutral lysine coordinating through the backbone and sidechain amino groups (N a and N e ) and the carbonyl oxygen, [N a ,CO,N e ] in the nomenclature defined below. (Notably, Constantino et al. observed only the Co 2þ (Lys) complex and no evidence for Co þ (Lys) in their electrospray ionization (ESI) mass spectrometry experiments. 57 ) Similarly, Bush et al. examined the IRMPD spectra of alkali metalated (Li þ , Na þ , and K þ ) Lys and e-N-methyllysine (MeLys). 28 They found that Li þ (Lys) and Na þ (Lys) also formed [N a ,CO,N e ] tridentate structures. In contrast, K þ (Lys) shifted to a likely [CO,N e ] bidentate conformer with a minor contribution from a zwitterionic [CO 2 À ] structure. Upon methylation, which increases the proton affinity of the side-chain amine group, the ground structure (GS) for Li , and a mixture of the two forms was found for Na þ (MeLys). Previously, Siu and co-workers investigated the relative silver(I) ion (Ag þ ) binding affinities of 19 a-amino acids through use of the kinetic method and an atmospheric pressure ionization triple quadrupole mass spectrometer. 5 Here, the Lys-Ag þ binding energy was measured to be 82.8 AE 5.0 kJ/mol, with only Arg having a higher silver cation affinity, >112 kJ/mol. This value was then compared to the relative Lys-Cu þ binding energy of >56 kJ/mol, reported by Cerda and Wesdemiotis. 58 On the basis of comparisons to Cu þ , Ag þ binding to Lys was hypothesized to again involve both of the NH 2 sites (a and e), and the carbonyl oxygen of the carboxylic acid group. This tridentate coordination was then verified theoretically by Siu and co-workers using density functional theory (DFT) at the B3LYP/ DZVP level. Their calculations indicated that all amino acids, except proline and those with aliphatic side chains, coordinate with Ag þ through three sites. 7 In the present work, the analogous Zn 2þ and Cd 2þ interactions with Lys in the gas phase are evaluated using a combination of IRMPD spectroscopy and theoretical methods, which permits the determination of the relative energetic and structural contributions of individual interactions pertaining to the binding of these metal dications to Lys. In order to definitively assign conformations of the [Zn(LysÀH)] þ and CdCl þ (Lys) complexes formed experimentally, IRMPD action spectra for each complex were measured. Experimental spectra were then compared to calculated spectra for a series of low-energy conformers. This spectral comparison allows for the unambiguous determination of the most populated conformations of the [Zn(LysÀH)] þ and CdCl þ (Lys) complexes. Results presented here provide detailed information regarding the metal dependence of the binding affinity and structural characteristics of the Lys complexes.
Experimental and theoretical methods

Mass spectrometry and photodissociation
Experiments were performed at the Free Electron Lasers for Infrared eXperiments (FELIX) facility at Radboud University in Nijmegen, The Netherlands. 59 A 4.7 T Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer, detailed elsewhere, was used to measure the IRMPD spectra. [60] [61] [62] An ESI source produced ions that were accumulated in a hexapole trap for $5 s before being pulse extracted through a quadrupole bender and injected into the ICR cell via a radiofrequency (rf) octopole ion guide. Once trapped in the ICR cell, the ions of interest were mass selected using a stored waveform inverse Fourier transform (SWIFT) excitation pulse. 63, 64 The ions of interest were then irradiated with FELIX for 2-5 s at a 10 Hz macropulse repetition rate (energy up to 80 mJ per macropulse and a bandwidth of 0.5% of the central frequency). Experimental spectra were obtained in the 5.3-16.7 mm (600-1900 cm À1 ) spectral range. IRMPD spectra were generated by plotting the photofragmentation yield, Y ¼ AE I F /(AE I P þ AE I F ), where I P and I F are the integrated intensities of the precursor and fragment ion mass peaks (where the sum includes major isotopes), respectively, as a function of the frequency of the IR radiation. The yield was then linearly corrected for frequency dependent variation in the laser pulse energy, as described in the literature. 65 The power dependence is basically linear until saturation begins, because the multiple-photon excitation process is incoherent rather than coherent.
Metalated Lys complexes were prepared from solutions of 1.0 mM Lys and 1.0 mM Zn(NO 3 ) 2 These results point to a stronger interaction of Cd with His and Cys than other amino acids, consistent with their abundance as zinc coordination sites.
Computational chemistry
In order to determine the low-energy conformations of the cationized Lys complexes from the IRMPD spectra, the Gaussian 16 suite of programs was employed. 66 For the [Zn(LysÀH)] þ complex, each structure was deprotonated (all possible deprotonation sites were explored) and a Zn 2þ cation was introduced to the system (all possible binding sites were explored). For the CdCl þ (Lys) complex, CdCl þ was introduced to Lys (all possible binding sites were explored). The metalated Lys complexes were first optimized using the ''loose'' keyword, which employed a large step size of 0.01 au and a root mean square (rms) force constant of 0.0017 to facilitate convergence. Unique conformations were then further optimized at the B3LYP/6-311þG(d,p) level of theory for Zn 2þ complexes and at the B3LYP/def2-TZVP level, where def2-TZVP is a size consistent basis set for all atoms and includes triple-þ polarization functions with a small core (28-electron) effective core potential (ECP) for cadmium. 67, 68 The def2-TZVP basis set and corresponding ECP were obtained from the EMSL basis set exchange. 69 These combinations of level of theory, basis set, and ECP have previously proven to provide accurate structural information with complexes of similar size and composition. 35, [41] [42] [43] [44] [47] [48] [49] Geometry optimizations of metalated structures were also conducted including corrections for empirical dispersion at the B3LYP-GD3BJ level 70 using the same basis sets.
Vibrational frequencies were calculated at these levels of theory and scaled by 0.975 for comparison to the IRMPD spectra. This scaling factor has been shown to account for known inaccuracies in the calculated frequencies, and therefore gives good agreement with well-resolved peaks in other IRMPD spectra. 35, [41] [42] [43] [44] [47] [48] [49] A 20 cm À1 full width at half maximum Gaussian line shape was used to broaden the calculated frequencies when used for comparison to the experimentally obtained spectra. This broadening technique accounts for the finite laser bandwidth, unresolved rotational structure of the ions (which were near room temperature), and anharmonicity of the vibrational mode in combination with broadening as a result of the multiple photon absorption process. 71 Relative energies were determined for B3LYP geometries using single point energies calculated at the B3LYP, B3P86, and MP2(full) levels using 6-311þG(2d,2p) (Zn 2þ complexes) and def2-TZVPP (Cd 2þ complexes) basis sets. Relative B3LYP-GD3BJ single point energies using these larger basis sets and B3LYP-GD3BJ geometries were also computed. Zeropoint energy (ZPE) corrections were applied to single point energies in order to provide 0 K relative enthalpies. Thermal corrections were calculated to obtain 298 K Gibbs energies as outlined previously from 0 K relative enthalpies by using the rigid rotor/harmonic oscillator approximation with the calculated rotational constants and vibrational frequencies. 72 Vibrational frequencies were scaled by 0.9896 73 when used for ZPE and thermal corrections.
Results and discussion
IRMPD action spectroscopy
þ resulted in only one primary fragment ion corresponding to deamination of the lysine ligand, reaction (1), followed by loss of Zn and CO 2 in reaction (2) (alternative products of ZnO þ CO are much higher in energy)
The relative amounts of these pathways are approximately 30 and 70%, respectively. The mass-to-charge ratios (m/z) of the ions shown in reaction (1) employ the isotopic mass of 64 Zn, because it is the most abundant isotope (49.17% natural abundance). 74 The complexes associated with m/z values corresponding to 66 Zn and 68 Zn (27.73 and 18.45% natural abundance, respectively) 74 were also monitored and are included in the yield calculations and spectrum depicted below.
IRMPD of CdCl þ (Lys) resulted in three major fragments, dehydration in reaction (3) competing with deamination in reaction (4), which is followed by reaction (5) The relative amounts of the primary pathways are approximately 60 and 40%, respectively. The m/z 128 channel is intense because it is formed from all precursor isotopes, but has an appearance spectrum that does not follow the primary channels, identifying it as a secondary product ion. The mass of the precursor ion indicated above was calculated using the most abun- Cl for the CdCl þ complex products) were monitored and included in the ion yield calculations. Example mass spectra are given in Figure S1 of the Supplemental Material, which also shows the isotopic distributions of the observed precursor and fragment ions. The primary m/z 277 and 278 channels correspond primarily to the loss of H 2 O and NH 3 from the Lys ligand, analogous to dissociation pathways observed previously for similar systems. 43, 48, 75 In particular, IRMPD of both Li þ (Lys) and Na þ (Lys) yield dissociation via H 2 O and NH 3 loss. 41 Formation of m/z 128 corresponds to the subsequent loss of neutral HCdCl from CdCl
(Loss of neutral CdCl from the m/z 277 product yielding C 6 H 12 N 2 O þ was also considered, but calculations indicate that this reaction requires several eV more energy than reaction (5), largely because this is a radical cation.)
Theoretical results: Nomenclature Structures of complexes are named using nomenclature that has been outlined previously. 41 The metal-amino acid complexes are designated by their metal binding site in square brackets with a deprotonation site designated by a negative sign. When deprotonation occurs on a carbon atom, carbons are designated by their proximity to the carboxylic acid group, the first being denoted by C a . When binding takes place at the amino site, the backbone nitrogen (N a ) is always listed first. This is followed by the oxygen (CO or OH for the carboxylic acid) or a carbon binding site, with binding at the side-chain nitrogen (N e ) listed last. If deprotonation involves proton transfer, then the protonated site is indicated in parentheses after the brackets. Dihedral angles are employed to characterize the amino acid orientation and are denoted as c (cis, for angles between 0 and 45 ), g (gauche, 45 -135 ), or t (trans, 135 -180
). Dihedral angles are measured from the carboxylic acid hydrogen (or the Zn/Cd atom in structures that are deprotonated at the carboxylic acid site) and going to the terminal side-chain amino nitrogen, N e . Table 1 are characterized by bidentate binding motifs, which generally lie at much higher energies (138-309 kJ/mol above the GS).
Theoretical results: Relative energies
Relative 0 K single point energies and 298 K Gibbs energies for conformers of CdCl þ (Lys) are provided in Table 2 . An additional 10 higher energy conformers and their relative energies can be found in Table S1 of the Supplemental Material. At all levels of theory, the lowest energy conformer for CdCl þ (Lys) adopts a tridentate [N a ,CO,N e ]-tgggtg binding motif, as seen in Figure 2 , in which the CdCl þ ligand binds to the backbone amino group, the carbonyl oxygen of the carboxylic acid group, and the side-chain amino group. Similar conformers (tggggg and cgggtg) lie about 10-13 and $23 kJ/mol higher in energy, respectively. Unlike the Zn 2þ conformers, bidentate conformers are prominent having much lower relative energies, with the only other tridentate structure being substantially higher in energy relative to the GS at 153-158 kJ/mol (Supplemental Material, Table S1 ).
Several low-energy bidentate conformers of CdCl þ (Lys) were evaluated, the lowest of which were those associated with zwitterionic Lys in which the proton has transferred from the carboxylic acid group to either the backbone or side-chain amine group. [ Figure 2 , the relative energies predicted by the four levels of theory are comparable; however, for the three structures that contain hydrogen bonding, the B3LYP-GD3BJ and MP2(full) levels predict much higher energies than the B3LYP and B3P86 approaches. As empirical dispersion is designed to handle long-range interactions more appropriately, it seems likely that the former methods may be more quantitative. More direct evidence for this conclusion has been obtained for complexes of CdCl þ (Arg). 82 Å ) , presumably because the agostic interaction of Zn with C b H is relatively weak. These binding characteristics parallel those observed in similar systems investigated previously. 41, 43 A full description of the key geometric parameters of each binding motif for the CdCl þ (Lys) conformers is given in Table 4, and Table S2 of ] structures, our analysis indicates that Cd does not bind equally to both oxygens at the carboxylate site, an observation also established in previous studies. 41, 43 Here, Cd-O distances between the metal center and one oxygen range from 2.10 to 2.13 Å and from 2.61 to 2.75 Å for the other oxygen. These differences contrast with those observed for the Zn 2þ system, where the two ZnÀO bond distances in the carboxylate group are the same within 0.005 Å .
Comparison of experimental and theoretical IR spectra: [Zn(LysÀH)] þ
In comparing experimentally and theoretically obtained IR spectra, it must be noted that the intensities of vibrational modes calculated by the one-photon linear absorption spectrum may deviate somewhat from the experimental multiple photon spectra. However, IRMPD methods produce experimental intensities that are generally comparable to those provided by linear absorption techniques, partly because the spectra result from incoherent multiple photon (rather than coherent) excitation. Previous modeling studies have characterized the near-linear absorption character of IRMPD studies. 71, 77 Additionally, a frequency scaling factor of 0.975 is employed to account for the experimental red-shifting caused by the multiple photon excitation and anharmonic effects.
As observed in Figure 3 Figure 3 . This additional [CO À ,C g À ,N e ](N a H 3 þ )-tggggg structure, which deprotonates at the g-carbon along the side chain of Lys, is interesting as the ordinarily inert nature of the C-H bond is interrupted through the metal interaction. A complete listing of the scaled vibrational frequencies and their intensities for these five conformers can be found in the Supplemental Material, Table S3 . Figure  3 makes it clear that the experimental spectral features correlate especially well with those computed for the [N a ,CO À ,N e ]-cgggtg GS, with the excited cggggg conformer providing almost as good a reproduction. In the higher frequency region that is generally more diagnostic, the cgggtg, cggggg, and cgtggg structures predict bands at 1764, 1754, and 1771 cm À1 (stretch of uncoordinated CO of the carboxylate group), respectively, which are consistent with the 1763 cm À1 band observed. In contrast, spectra for the other two structures, (N a H 3 þ ), have carbonyl stretches that are strongly displaced from the observed spectrum, illustrating that these conformers are very unlikely to be contributing to the experimental results. The [N a ,CO À ,N e ] conformers also have predicted bands at 1601/1603, 1595/1597, and 1600/1602 cm À1 (backbone amino scissor/side-chain amino scissor), which are blue shifted by $25 cm À1 from the experimental resonance at 1574 cm
À1
. This is a common observation for metalated amino acids and results from the strongly anharmonic character of this amine vibration. Previous studies have documented blue shifts in the range of 10-60 cm À1 , 41, 43, 47 consistent with the comparison here. Figure 3 also shows that the theoretical spectrum for the cgggtg conformer reproduces the other features in the experimental spectrum with fidelity. Mainly, the backbone NH 2 wag (1076 cm À1 ), combinations of CH 2 and NH 2 twists (1127/1140/1155 cm À1 ), and bound carbonyl stretch and C a H bend (1218 cm À1 ) reproduce the experimental bands at 1063, 1144, and 1217 cm À1 . The cggggg conformer does nearly as good a job although the peaks at 1063 and 1217 cm À1 are not as accurately reproduced (predicted features at 1084 and 1204/1237/1252 cm À1 ), and the features in the experimental spectrum below 900 cm À1 are better predicted by the cgggtg spectrum. Likewise, contributions þ experimental IRMPD action spectrum (black and gray lines) with IR spectra (colored lines) calculated at the B3LYP/6-311þG(d,p) level of theory for low-lying conformers. Relative 0 K enthalpies (kJ/mol) are given at the B3LYP, B3LYP-GD3BJ, B3P86, and MP2(full) levels, respectively. from the cgtggg conformer can probably be ruled out on the basis of the discrepancies with experiment in the 1200 cm À1 region of the spectrum. Further differences in the spectra of the cgggtg and cggggg conformers can be found in the CH stretch region (2900-3000 cm
) primarily in intensity differences, and below 500 cm À1 , where ring breathing modes differ more appreciably.
Thus, the experimental IRMPD action spectrum is most consistent with the calculated spectrum for [N a ,CO À ,N e ]-cgggtg, the predicted lowest energy [Zn(LysÀH)] þ conformer. The probability that this conformer was the experimentally formed species was also determined on the basis of an equilibrium distribution of conformers. Using the calculated Gibbs energies at all levels of theory, the [N a ,CO À ,N e ]-cgggtg conformer should occupy a population of !99.98% at 298 K. Although contributions from the [N a ,CO À ,N e ]-cggggg conformer cannot be ruled out by spectral comparison, they are unnecessary to explain the experimental observations.
A reviewer wonders whether trapping of solventfavored conformers might alter the energetic order of the conformers considered. Hence, we performed calculations using self-consistent reaction field theory and a polarized continuum model (PCM) for water, 78 in which the geometries were reoptimized and single point energies recalculated using the same levels of theory described above. Details of the relative energies and geometries can be found in Tables S4 and S5 of the Supplemental Material. We considered only the five lowest energy structures and found that none of them changed appreciably in structure. The [N a ,CO À ,N e ]-cgggtg gas-phase ground conformer remained the lowest 298 K Gibbs energy structure in solution, with the cggggg and cgtggg dropping from 21-27 kJ/mol above the GS to 12-20 kJ/mol higher. In contrast, the two [N a À ,CO,N e ] conformers, tggggg and cgggtg increased from relative 298 K Gibbs energies of 54-75 kJ/mol above the GS in the gas phase to 117-120 kJ/mol higher in solution. These large changes in relative energies are probably associated with the fact that one oxygen of the negatively charged carboxylate is available for solvation in the three [N a ,CO À ,N e ] structures, whereas the negatively charged imino group in the [N a À ,CO,N e ] structures is bound to the zinc. Overall, these relative energies suggest that the [N a ,CO À ,N e ]-cgggtg ground conformer should occupy >99.0% of the population at 298 K in aqueous media, similar to its equilibrium distribution in the gas phase.
Comparison of experimental and theoretical IR spectra: CdCl þ (Lys)
As observed in Figure 4 , the main spectral features for the CdCl þ (Lys) complex are located at 1062, 1158, 1442, 1587, and 1697 cm À1 , with minor features at 604, 703, 763, 940, 1007 (shoulder), and $1310 (shoulder) cm À1 . Spectra for the five lowest energy CdCl þ (Lys) conformers are shown in Figure 4 , with scaled vibrational frequencies and intensities provided in þ spectra, the predicted bands near 1616 cm À1 corresponding to the NH 2 scissor modes of the amino groups are shifted by $30 cm À1 compared to the experimental band at 1587 cm À1 , as a result of strong anharmonic effects. 29, 30, 33, 41, 79, 80 Differences in the spectra of the tgggtg and tggggg conformers can be found in the NH stretch region (3350-3450 cm À1 ), whereas differences below 500 cm À1 are minor. Figure 4 also shows that the alternative conformer, [N a ,CO,N e ]-cgggtg, disagrees sharply with the experimental spectrum with an intense band located near 1300 cm À1 . Although the metal binding sites are the same as the tgggtg conformer, the cgggtg conformer rotates the carboxylic acid hydrogen such that it no longer hydrogen bonds to the carbonyl oxygen (Figure 2) , which changes the COH bend vibrational frequency considerably. )-cggggg, do not replicate the experimental spectrum. This can be seen in the high energy range, as both of these bidentate structures do not replicate the carbonyl stretch observed in the experimental spectrum and they predict intense bands near 1400 cm À1 that are not observed experimentally. The probability of these five lowest energy conformers being formed experimentally can also be evaluated on the basis of an equilibrium distribution of conformers. At 298 K, the four lowest energy )-tgtggg species does not contribute to the experimental spectrum is consistent with all levels of theory.
As for the zinc complexes, we also performed calculations using a PCM in which the geometries of the five lowest energy structures were reoptimized and single point energies recalculated using approaches directly analogous to those described above. Details of the results can be found in Tables S4 and S5 of 
Overall comparison
Here, we provide a more detailed analysis of the spectral features exhibited in both the [Zn(LysÀH)] þ and CdCl þ (Lys) IRMPD action spectra. As displayed in Figures 3 and 4 ,N e ]-cgggtg GS (which has a similar overall structure to the Co 2þ (Lys) GS), the Zn-H bond length is 2.478 Å , and the C g H bond is 1.099 Å , only slightly extended from the other side-chain CH bond length of 1.092-1.096 Å . In the CdCl þ (Lys) [N a ,CO,N e ]-tgggtg GS, there is no hint of an agostic interaction, with the closest CH bond being 2.889 Å away.
The differences in atomic radii of the two metal ions studied here is also related to the distinct differences in the theoretical predictions for the lack of bidentate conformers for [Zn(LysÀH)] þ complexes and the presence of bidentate conformers for CdCl þ (Lys 
Conclusions
Complexes of lysine cationized with Zn 2þ and Cd 2þ were investigated using IRMPD action spectroscopy in the 600-1900 cm À1 spectral range. The resulting spectra were compared with theoretical IR spectra calculated at the B3LYP/6-311þG(d,p) and B3LYP/def2-TZVP levels of theory, respectively. For both the [Zn(LysÀH)] þ and CdCl þ (Lys) complexes, the theoretically determined gas-phase ground conformer reproduces the experimental IRMPD spectrum well. For the [Zn(LysÀH)] þ system, the [N a ,CO À ,N e ]-cgggtg conformer is indicated to be the experimentally formed complex, with no major contributions from higher lying conformers needed to produce the IRMPD action spectrum. The IRMPD action spectrum for the CdCl þ (Lys) complex was predicted well by the [N a ,CO,N e ]-tgggtg ground conformer. Calculations for a polar continuum model of water solvation find that the same conformer is lowest in energy for [Zn(LysÀH)]
þ , but for CdCl þ (Lys), zwitterionic structures are favored in solution. Their absence in the IRMPD spectrum suggests that these ions rearrange during desolvation in the ESI source.
Additionally, valuable information regarding the metal dependence in the [Zn(LysÀH)] þ and CdCl þ (Lys) spectra was found via analysis of the characteristic vibrational modes (as given by the shifts in vibrational modes observed in our spectral results). However, the inherent difference in binding between Zn 2þ and anionic (LysÀH) À versus CdCl þ and neutral Lys explains some of the spectral shifts observed. As also found in previous studies of other systems, the present results display the significant role that the metal center has on the experimental IRMPD action spectrum (mainly spectral shifts in corresponding vibrational modes) in addition to conformational effects of low-energy conformers predicted theoretically for the metalated complexes.
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